Interactions of mercury in the environment.
INTRODUCTION
Mercury is a pollutant of global concern largely due to its potential for biological transformation into harmful forms and bioaccumulation through the food chain.
Mercury occurs naturally within the environment in a variety of forms including elemental Hg, as Hg 2+ dissolved in water, cinnabar (HgS), oxidized (HgO), and organometallic compounds, such as methyl mercury (CH 3 Hg + ), the latter of which shows great potential for bioaccumulation, being recognized as the most toxic form to humans (Deng et al. 2011) .
According to information presented by Leśniewska et al. (2009) , 75-95% of mercury in fi sh and seafood is in the form of methylmercury, which is the strong neurotoxin. The amounts of
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ILONA MAŁUSZYŃSKA 1 mercury found in food products other than fi sh and seafood are not so worrying because in the case of these products mercury does not appear in the form of methylmercury, which poses less threat for human health. Results of the research on the total mercury content in the muscular tissue of fi sh, available in the trade and coming from private breeding from surroundings of Łódź led by authors, indicates that fi sh contains from 0.092 (salmon) up to 0.359 mg·kg -1 (tuna). Results of blood and urine mercury determination among children and adults were presented by Prokopowicz et al. (2010) . The concentration of mercury in the children's blood was 0.10-1.72 ng·cm -3 , while adults' blood contains 0.11-5.82 ng·cm -3 , respectively. The concentration of mercury in the urine of children and adults expressed in the creatinine was 0.01-11.54 ng·cm -3 . Authors are pointing out to the fact that regular consumption of fi sh (over 3 meals per month) in children and (over 5 meals per month) in women increased the concentration of mercury in blood, on average twice.
Mercury can penetrate into the human body through inhaled air. It is very important so that the man in the place in which he/she is working is exposed like least to the negative infl uence of factors harmful for his health.
Mercury especially in organic compounds is such a factor and therefore according to Regulation 
INTERACTIONS OF MERCURY

Selenium
Mercury has a high affi nity for thiol/ /sulfhydryl groups. Almost all proteins contain in their composition sulfhydryl groups, so that mercury and its compounds can interfere with the majority of enzymes and hormones occurring in animals and humans. One of the earliest biochemical changes preceding the physiological symptoms of mercury poisoning is a disorder of protein biosynthesis (WHO 1991, Syversen and Kaur 2012) .
Selenium has similar affi nity for the active groups of proteins, which limits the combining of those groups with mercury, reducing its toxicity. The ability of selenium to ameliorate mercury toxicity has been shown in laboratory studies (Berry and Ralston 2008, Pinheiro et al. 2009 ). Ralston and others , Ralston 2009 ) have suggested that molar ratios greater than 1 : 1 are protective. Recent studies (Ralston and Raymond 2010) have shown that Seenriched diets not only prevent MeHg toxicity, but can also rapidly reverse some of its most severe symptoms. It is now understood that MeHg is a highly specifi c, irreversible inhibitor of Se-dependent enzymes (selenoenzymes). Selenoenzymes are required to prevent and reverse oxidative damage throughout the body, particularly in the brain and neuroendocrine tissues. Inhibition of selenoenzyme activities in these vulnerable tissues appears to be the proximal cause of the pathological effects known to accompany MeHg toxicity.
As an essential element, selenium undergoes some homeostatic regulation, but it is also highly toxic. Within species, mercury level tends to increase with size, accounting for the negative relationship between size and ratio (Burger and Gochfeld 2012) . According to the authors, this variability may make it difficult to use the selenium: mercury molar ratio in risk assessment, risk management, and risk communication. Before ratios can be used in risk management, more information is needed on mercury: selenium interactions and mutual bioavailability, and on the relationship between molar ratios and health outcomes. Further, people who are selenium deficient may be more at risk from mercury toxicity than others (Burger and Gochfeld 2013) .
Similar to mercury (mainly MeHg), selenium is acquired by organisms when they consume food and water, and it is absorbed as selenite, selenate or organic Se, respectively (Yang et al. 2008 
Glutathione (GSH) and N-Acetyl--cysteine (NAC)
Data given by Clarkson (1985) and Clarkson et al. (2002) indicate that GSH may play a role in the biliary excretion of methylmercury. It is assumed that intracellular GSH is involved in protecting cells. Bridges and Zalups (2005) found that mercuric conjugates of GSH are part of the uptake mechanism of inorganic mercury by the kidneys in rats. In other studies it came out that NAC increased brain mercury concentration in rats exposed to elemental mercury (Aposhian 2003) . Other studies indicate that NAC conjugates of methylmercury and inorganic mercury as potentially transportable mercuric species taken up in vivo in proximal tubular epithelial cells (Zalups and Ahmad 2005) . In experiment carried out with the use of canine Madin-Darby Canine kidney Cells (MDCK) cells transfected with the human organic anion transporter1 (hOAT1). Bridges and Zalups (2005) noticed that given the inefficiency of elimination of methylmercury via the bile, the known entero-hepatic cycling of methylmercury and the mer-cury uptake mechanisms of the kidneys and the brain. It can be stated that the main limiting factor of choosing NAC and GSH as antidotes to mercury toxicity is the possibility of redistribution of mercury to the afore-mentioned organs.
Zinc and iodine
According to data given by Goyer et al. (1995) , zinc was found as metal presents in animal models in order to induce production of metallothionein, a metal binding protein, in the kidneys. Metallothionein as a low molecular weight metal has ability to bind protein with a high content of cystinyl residues and metals. Mercury is known to form a complex with metallothionein, and metallothionein has been shown to be neuroprotective on exposure to mercury vapour (Yoshida et al. 2005) . Inorganic and elemental mercury induce metallothionein in the kidneys, however methylmercury does not directly induce metallothionein, but does so upon metabolism to inorganic mercury.
With respect to iodine, there is an increased excretion in the urine of arsenic, mercury, lead, aluminum, and other toxic metals. Iodine is selective in that it leaves the essential metals (e.g., iron) and removes the toxic ones 1 .
CONCLUSIONS
Though mercury has been known as a toxic substance for hundreds of years, much remains to be elucidated on the mechanisms by which mercury interacts and interferes with the body's biochemi- cal processes (Rooney 2007) . Due to the fact that mercury is not biodegradable, has very long residence time in the environment and accumulates in the trophic chain, which leads to signifi cant concentrations in human body through consumption of food and contact with contaminated air and water, key activity is to reduce the level of mercury in the environment and to reduce human exposure to this harmful health element. It is quite obvious that GSH and NAC play an important role in the distribution of mercury in the organism. Additionally zinc and selenium seem to have a significant impact on the mercury distribution and its protection against the toxicity.
It is supposed that taking selenium, zinc and thiols is of prime importance in considering effects of mercury on human organism as well as the level of its excretion and it requires the further investigations.
It should also be pointed out that the interactions are dynamic and weakly understood at present. The better understanding of the role the afore-mentioned particles may be crucial in the study of interaction between mercury and various environmental components and to fi nd a substance that interacts with mercury to reduce its toxicity to living organisms. 
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